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^ ? This application's a continuation-in-part of commonly-assigned 
copending U.S. Ser. tfo. 07/852,932, filed March 13, 1992, as a continuation 
of US Ser. No. 07/751,441. filed Aug. 28,1991, now abandoned, and of 
U S Ser. No. 07/737,560, filed July 26,1991 , as a continuation of U.S. Ser. 
No 07/467,636, filed Jan. 19, 1990, now abandoned, a division of U.S. Ser. 

10 No. 07/194,874, filed May 17, 1988, now U.S. Pat. No. 4,895,810, issued 
Jan. 23, 1990. 

BACKGROUND OF INVENTION 
This invention relates generally to power MOS field-effect devices, 
1 5 which includes power MOSFETs, insulated gate bipolar transistors (IGBT), 
MOS controlled thyristors and the like, and more particularly to recessed 
gate, rectangular-grooved or U-grooved power MOS field effect devices, 
commonly referred to as RMOSFETs or UMOSFETs. 

Power MOSFETs have been recognized as provided a number of 
20 advantages over power bipolar transistors, particularly in regard to fast 
switching response, high input impedance and high thermal stability. A ma,or 
disadvantage of power MOSFETs is their large ON-resistance and forward 
voltage drop compared to bipolar transistors. Significant efforts have gone 
into reducing the ON-resistance per unit area. These efforts include reduc.ng 
25 the cell size of the devices to increase cell density, but the ability to do th.s 
in conventional VDMOS devices is limited by the presence of a paras.t.c 
junction FET between adjacent cells which increases ON-resistance as the 
device structure is scaled to smaller cell sizes. K. Shenai. ■•Optimally Scaled 
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L ow-Vo,,age Vertical Power MOSFET. for High Fluency Powe 
Conversion- s^n^^n^^. Vol. 37. No. 2, Apr,, ,990 
describes how the VDMOS device structure, having the gate and channel 
extending horizontal aiong the top surface of the semiconductor substrate, 
is inherently limited in density, necessitating other measures to reduce ON- 

resistance. . . 

To avoid this inherent limitation, another Class of power MOS held- 
effect devices has been developed using a recessed gate, in which the gate 
and channe, are formed vertically along a sidewa,! of a channel or trench 
etched in the semiconductor substrate. These devices include rectangUa, 
grooved or U-grooved power MOS field effec, devices, commonly referred to 
as RMOSFETs or UMOSFETs. An early device of this type appears ,n U.S^ 
Pat No 4 070,690 to Wickstrom. The source, channel and drain are formed 
by successive iayers deposited on a substrate and trenched through for gate 
oxide formation and gate me.a, deposition on sidewalis of the trench. A 
variation o, this approach, cailed the VMOS. is shown in U.S. Pat Na 
4 , 45 703 to Blanchard et al. Subsequently, it was recogn.zed that the 
vertical channe, orientation in this type of device could be scaled down to 
increase cell density without parasitic junction FET effects and thereby 
reduce ON-resis,ance below the inherent limitations of VDMOS devtces. 
(see D Ueda et al. "A^New. Vertical Power MOSFET Structure with 



~32 No. 1 , January, 1985) Further development of recessed gate technology 
is summarized below based on references ,is,ed a. the end of the deta,led 

25 ""rusua, starting materia, ,s a N + wafer with a <100> oriented N 
epitaxial layer o, a resistivity and thickness in the ranges of 0.1-1.0 ohm-cm 
and 5-10 urn for low voltage MOSFET s .0 achieve a breakdown voltage of 
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15-55 V using rectangular striped grooves. This voltage range can be 
changed by adjusting untrenched P-base width, trench depth and width, and 
epi-layer doping. The N + substrate can be replaced by a P + substrate to 
make IGBTs as in DMOS technology. 
5 A blanket P-type implant into the top surface of the epitaxial layer is 

diffused to 1 .5-2.0 um depth to form a P-type body region. A first mask can 
be used at this stage to define N+ source regions. 

An oxide layer is thermally grown and a trenching protective layer of 
silicon nitride (or LPCVD oxide, polySi/SiNi/oxide or other layer resistant to 
1 o Si etching) is deposited to protect P-body/N-source regions from trench.ng. 

Regions to be trenched are photomasked, at right angles to the source 
regions if they have been defined previously, and the trenching protective 
layer is etched. Reactive ion etching (RIE) is then used to form the gate 
trenches, typically to a depth of 2 um but variable as discussed below. 
1 5 Reactive ion etching can damage the substrate surface, causing h.gh surface 
charge and low surface mobility. Chemical etching and sacnf.cial 
oxidation/etching steps are typically performed to restore surface mob.l.ty and 

channel conductance. 

Gate oxide of 500-2000A is regrown in the trench, and -6000 A thick 

20 polysilicon is deposited in the trench and doped to a sheet resistance of 
about 20 ohm/D . A second polysilicon layer is deposited to planarize the 
surface and etched back to clear the trenching protective layer. The 
trenching protective layer can be used in a self-aligned LOCOS (Localized 
Oxidation of Silicon) step to selectively oxidize and isolate the polysilicon gate 

25 structures from the P-body/N-source regions. The maximum LOCOS film 
thickness is limited by minimum linewidth because of "birds beak" sidewalll 
oxidation encroachment. With a 2 um/2 um minimum gate/source design 
rule this layer cannot be much greater than 1 um thick or the source reg.on 
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wil, be completely sealed of. by LOCOS encroachment. The LOCOS 
process further induces stress .mmedlately surrounding the se.ecUve 
oxidation zone, wherein the MOS channe, is formed, reducing surface 
mobility and increasing channel resistance. 
5 „ the source region has not already been defined, another 

photomasking step is performed to introduce the N-type source regions into 
the P-body contact regions, usually with a striped geometry perpend.cular to 
the trench sidewalls, to effect distinctive P and N dopings at the top surface 
of the silicon, to short the P-body to the N + source regions (10). Th,s 
, o technique produces pinched P-base regions which are of wide dimens,ons^ 
W ica,ly 2 urn or more, and must be meticulously controlled ,n the 
photolithographic process. This step causes ioss of channe, width wherever 
N+ source is absent and reduces device ruggedness. 

in one approach (2, 5, 10-Fig. 10), to improve packing density and 
,B more tightly control the lateral extent of the pinched B-base and avo,d 
photolithographic control, lateral M + diffusions are made from the w.ndows 
formed in the trenching protective layer prior to trenching. In this approach 
the P and N + diffusions are fully diffused before gate oxidation, without 
partitioning .he respec^usion times to allow par, o, the diffusion cydes 
20 I be used fo r and LOCOS-induced surface stress a d 

defects. Also Z this approach, contacts are made on lighter doped N + 
diffusions, increasing series resistance of the device. A tradeoff is reou.red 
between pinched base resistance and source contact resistance. There ,s 
a lower limit to how small the lateral di.lusions can be made and consistent^ 
25 opened up after the LOCOS gate polysilicon oxidation due to "birds beak 
formation. A dimension anywhere between 50% and 80% of the polysll.con 
LOCOS oxide thickness may not be available for a source contact of h,ghest 
doping. 
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d trench through the N-source 
Another approach is to torm a seco^ ^ ^ ^ ^ be 

, ayB r down to the P-body to receive , bul this approach is subject 

patterned by a separate P hoto m as k ,n J^P(^ 

,o critical atignment and size ~ nd *° nS . L0C0S oxi de layer 

depends on the ability to ^ etching process Use, 

used to sell-align this trench.ng step and to con ^ ^ 

Once me basic recess d *e s ^ _ process . 

t0 allow meta, conneCons to **** to delineate the gate and source 
Frcntside meta. is deposited and P*« emed ning se ai the 

(ca ,hode, electrodes. Passivation ^"^^ of the silicon 

wa ,er is metallized to .orm the dra.n QH _,„ (F « is 
Uedaetalhave demonstrated ^ ^ ^ way throug h the 

5 -SfefiKSftWe in which , e gate ,s , nc ^ ^ 

W- — - the — ^blKdownvottageastrenchdepm 
demonstrates a «»notonK>^»^ redu c«on o. the epi-layer thicKness 
is increased. This decrease » due to r ^ ^ (y) 

belo w the trench and higher elect™ , M da me <» ^ ^ ^ 

20 *^^^^«n. ^breaKdown 

tne corner ol .he trench because o. h,gh he t ^ ^ 

^-^^^Z^T^ under .he trench is 

trench depth is *° voltage to the gate oxide and 

reduced, shifting more ot the ga e Thicke ning the gate 

25 - - o„de layer but also 
oxide will improve the gate rupture 

increases channel resistance. fabric ation method and 

Accordingly, a need rema.ns for a better 
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SUMMARY OF INVENTION H ., r , rl „ llss 
of photolithography and LOCOS layer torma 



A" 
devices. 
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.• a recessed gate Held effect power MOS. device 

deposition and etching to dehne the spacer W ° n i0 „ 
uncertainties and di.ficui.ies o. pneumography and LOCOS layer 

. » ~ - -ching protec, e iayeris 

.J"., US ing P an oxide ( or oxynitride, ^^T^^ 

.hermal oxide, instead o. SiNi on ox,de. No LOCOS ^ Qn 

m e.hod. The .op oxide layer provides selecUve c-e t,on a 

tre nch etching and poiysiiicon gate ^.'^V^ A ^ bu , 

etching, in one embodiment, the oxide layer ,s pre.erab y 6 

can be 2000-8000A .hick depending on trench depth, gate poy 
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thickness and the etch rate selectivity between silicon and oxide. The 5000A 
oxide film is sufficient to block 2-5 um of silicon trenching plus additional 
margin for gate po.ysi.icon etching. The polysilicon layer in this embodiment 
is preferably 1000-3000A thick and is used to protect the future source 
region to support the sidewall spacers, and to enable the deposition and 
complete iso.ation of gate polysilicon. The lower oxide layer is preferably 
~500A thick (range of 500 to 1 000 A thick) and serves as an etch stop under 
the polysilicon layer. A second embodiment uses a polysilicon layer 
preferably formed in a double layer with an intermediate etch-stop ox.de 
,ayer below a sacrificia. top polysilicon layer. In this embodiment, the lower 
pdysilicon layer is thicker (e.g., 1 5000-1 6000A), the intermediate etch-stop 
oxide layer is thinner (e.g., 1 000-2000A) and is covered by a polysilicon layer 
of about 5000A. 

A further aspect of the invention is the introduction of a second trench 
in the body region to create source contacts on the trench sidewalls and body 
contacts on the trench sidewalls and bottom wall. Doing this with sidewall 
spacers provides self-alignmenl without the drawbacks of LOCOS formation. 
This approach thus produces a field effect power MOS device with a 
recessed source as well as a recessed gate. This structure is highly 
advantageous in switching inductive loads as it will shunt substantial reverse 
currents directly to the source contacts, which are preferably metal 
conductors. This structure also provide a very low resistance short between 
the body and source (base and emitter) to prevent reverse biasing of the 
body/source junction and minimize potential for latching of the parasittc NPN 
bipolar transistor formed by the source, body and drain regions. Th,s ,s 
particularly advantageous if the device is fabricated on a P-type substrate to 
make an IGBT or other MOS gate-controlled four-layer device. 

The foregoing and other objects, features and advantages of the 
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invention will became more readi.y apparent from the .Cowing detailed 
description o. a preferred embodiment which proceeds with re.erence to the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
» X FIGS \-1 2 are cross-seclional views of a portion of a silicon subslrate 
^?ng fabriXlion of a recessed gate field effect power MOS device in 
^<ccordance withSa first embodiment of the invention. 

FIG. 13 is a perspective view of a device made by the process of FIGS. 

1 FIGS 1 4 - 20 are cross-sectional views corresponding roughly to FIGS . 
5-12 showing fabrication of a recessed gate field effect power MOS device 
,n accordance with a second embodiment of the invention with a double 
polysilicon gate structure which terminates depthwise within the N + substrata 
FIG 21 is a cross-sectional view corresponding to FIGS. 12 and 20 
showing fabrication o, a device in accordance with a third embodiment of the 
invention with a double polysilicon gate struclure which terminates depthw.se 
within the N-ty P e epitaxial layer above an N + buffer layer formed on a P + 
substrate to operate as an IGBT. 

FIGS 22 and 23 are cross-seclional views corresponding roughly to 
FIGS 16 and 17 showing fabrication of a recessed gale field effect power 
MOS device in accordance with a fourth embodiment of the invention. 

FIG 24 is a cross-sectional view corresponding to FIG. 3 showing an 
alternative form of the mask surrogate pattern definition layer. 

DETAILED DESCRIPTION 
FIG 1 is a cross-sectional view of a portion of a silicon substrate 20 on 
which beginning doped layers including body and drain regions have been 
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formed to begin fabrication oi a recessed gate lield effect power MOS device 
in accordance with a first embodiment o. the invention. The process starts 
by forming a <100> oriented N-type epitaxial layer 24 on a P + wafer 22. 
This substrate will be used to make an IGBT-type four-layer device. An N+ 
wafer can be substituted to make a three-layer power MOSFET. Then, a P- 
type body layer 26 is formed either by implantation (e.g., boron) and d,ffus,on 
to a 2 - 3 um depth into the N-epitaxial layer or by deposition of a 2 -3 „m 
P-epitaxia, layer atop the N-epitaxial layer. The N-.y P e epitaxial layer ,s 
doped to a concentration of about 1 0-orf (resistivity in the range of 0.1 to 
,0 10 n-cm) and has a thickness of 2 to 3 „m and the P-eoitaxial layer ,. 
doped to a concentration of about I0»cm- and has a thickness of 2 to 3 
^ for low voltage (e.g.. 60V) MOSFETs. The N-type epitaxia! layer 24 
includes an N + bu.ler layer at the interface with the P-type substrate, as ,s 
known. For higher voltage devices, layers 24, 26 are generally more lightly 
18 ,S doped and thicker, as described in commonly-asjigned^U S^Ser. m. 
07/852,932 . filed March 13, 1992. now U.S. Pat. No^_J. incorporated 
n herein by this reference. For example. N-type layer 24 has a dop.ng 
concentration o. about 10-cm' and a thickness of 85 „m and P-type layer 
26 has a doping concentration of about 5x10»cm> for 1000V devices). 
20 Voltages can also be adjusted by varying the untrenched P-base width, 
trench depth and width, and epitaxial doping concentration. 

FIG 2 shows the further steps of forming a trenching protective, or 
mask surrogate pattern delinitlon layer 30 on the upper surface 28 of 
substrate 20. As shown in FIG. 2, layer 30 Is a thin oxide/PolySi/thick ox.de 
25 tri-layer structure. FIG. 24 shows an alternative four-layer structure further 
described below. Layer 30 is formed by a thin thermal oxide layer 32 on 
surface 28, a PECVD polysilicon layer 34, and a LPCVD thick oxide layer 36. 
The top oxide layer 36 provides selective protection against silicon trench 
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etching and polysilicon gate etching. pre.erab,y by SF VQ, plasma etching^, 
one embodiment, oxide layer 36 is preferably -5000 A thick but can be 1 000- 
8000A thick depending on trench depth, gate polysilicon thickness and the 
etch rate selectivity between silicon and oxide. The SOOOA oxide film « 
sufficient to block 2-5 ^ of silicon trenching plus additional margin for gate 
polysilicon etching. The polysilicon layer 34 in this embodiment is preferably 
,000-3000A thick and is used to protect the future source region, to support 
the sidewall spacers, and to enable the deposition and complete isolaUon of 
gatepolysiUcon. The lower oxide layer 32 is preferably -100oA thick (range 
of 500-2000A thick) and serves as an etch stop under the polysilicon layer. 

FIG 3 shows the steps of masking and patterning the trenching 
protective layer. A photoresist layer 38 is applied over layer 30 and ,s 
patterned to define protected regions 40 and etched away regions 42 in layer 
30 in successive etching steps of layers 36 and 34. Regions 42 and 40 can 
be stripes, a rectangular or hexagonal matrix, or other geometries of design. 
,n a cellular design, regions 40 are discrete blocks or islands separated by 

interconnecting regions 42. 

FIG 4 shows the removal of photoresist layer 38 and formafon of 
sidewall spacers 44 along opposite vertical sides of the pattern-definmg tn- 
,ayer regions 40. ThejWewadjM^aJB Jormedj-S)ng_knowa 
procedures by « conTormal LPCVD oxide layer, preferably 0(05-1 _ jgp_ 
"tt^sTwhich isleactivVton etched anisotropic^. The spacer etch ,s 
' controlled I to end when substrate silicon is exposed in areas 46 of srl.con 
substrata exposed between the sidewall spacers 44 within regions 42 so that 
the top oxide layer 36 is only slightly eroded. The spacers have a laterally 
exposed or outer .ace 47 and an inner face 48 contacting the sides of the 
pattern-defining regions 40 at this stage in the process. 

FIG. 5 shows forming a trench 50 in the silicon substrate in each of the 
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exposed areas 46. This firs, anisotropic etching step Is accomplished by 
reactive-ion etching, preferably by SF.-O, Plasma etching as described in 
commoniy-assigned U.S. Pat. No. 4.895,810 (see FIG. 13E . con rt« o 
form a series o. spaced trenches 50 in the substrate 20 with m,n,mal damage 
to me siiicon surface and straight vertical sides aligned with the outer faces 
47 of the sidewall spacers. The spacing between the outer laces 47 of 
spacers 44 determines the width 54 of the trench 50 as a function of lateral 
Wckness 52 o, the spacers. Thinness 52 also partially de.rmines he 
eventual lateral thickness of the source regions as formed ,n FIG. 1 1 . m 
embodiment, the depth 56 o, the trench is su.licien. (e.g.. 2 „m) to penetrate 
Tough the P,y P e layer 26 ius, into an upper portion o, the N-type layer 24. 
This step laterally isolates regions 26' of the P-.ype layer covered by the 
pattern-defining tri-layer regions 40. Regions 64 can be stripes ,n an 
interdicted design or connecting network in a cellular des.gn. 

Following trenching, a thermal gate oxide layer 60 is grown, as shown 
in FIG 6. on the trench side and bottom walls below the sidewall spacers. 
The gate oxide layer has a thickness 66 that is selected as needed to 
provide a punchthrough resistant gate dielectric, e.g.. -500A. Then, me 
trench is refilled with LPCVD polysilicon gale material 62, extending into. he 
trenches 50 and over trenching protective structures 40. The polys.l.con 
gate material 62 isdopedJo^boutJOO/O^ 

Referring to FIG. 7, a second anisotropic etch is next used to etch the 
pol ysilicon material 62 back to about the level of the original substrate 
surface, again exposing the ^trenching protective structures. Th,s step 
teaves vertical trenches 70 between the sidewall spacers 44 like trenches 50 
but ending a. the upper surface 64 of the remaining polysilicon ma.ena, 62. 
A sllicide can be formed In the remaining polysilicon material* th,s step to 
lu^^cVga t e~resl7,ance;To7Wmple, by refractory meta, depcfon 
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and silicide formation. Then, aCVDoxidMor oxyniUide) isolation layer 68 is 
deposited into the trenches 50 over the remaining polysilicon matena. 64 
over the trenching protective structures 40. 

P'7 F1G 8 sh ows the device after anisotropic^ etching off the upper 
portion o, the isoiaUon oxide 68 and the upper thick oxide layer 36 of the 
trenching protective layer 30. The etch stops when the top surface 70 o the 
original polysilicon layer is exposed, leaving oxide plugs 68 atop the sur ace 
64 of polysilicon material 62 between shortened sidewall spacers 44 . At th,s 
stage the top surface of the intermediate device appears in plan v,ew as a 
series of alternating oxide and polysilicon stripes 68. 70. or as an 
interconnected region 68 with isolated regions 70 as shown in FIG. 13 

PIG 9 shows the further steps of etching away the original polys,l,con 

lay er 34 followed by etching away the thin lower oxide layer 32 of the 
trenching protective layer 30 to expose the original substrate surface 28. 
which now appears as stripes 28' or isolated zones, exposed between the 
sidewall spacers 44' which now appear on opposite sides of ox.de plugs 68 
PIG 10 shows diffusing N + source regions 72 into an upper layer of 
exposed stripes of the substrate just beneath the original substrate surface 
28' This is preferably done by shallowly implanting a dose of about 5x10 
cm. of arsenic or phosphorus atoms, and heat treating to activate the 
impiant. The resuiting source region 72 should be diffused to a depth 74 of 
about 1 ^ or slightly less. This step could be performed alternatively by 
gaseous diffusion. It could also be performed earlier 'ffi^^f^ 
after forming the P,ype body layer in FIG. 1. The above^^seouence 
and method are preferred, however, as giving more control over MOSFET 
channel length as further described below. 

Next referring to FIG. 1 1 , a second anisotropic etch of the substrate 
siiicon is performed to form a second trench 80 in the substrate matena, 
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between the sidewalls 44- and gate isolation oxide plugs 68 enclosing the 
gate polygon materia, 62 and gate oxide layers 60. The etching technique 
used is pre.erab,y by SF.-O, plasma etching, as noted above, to form the 
trenches with straight vertical sides aligned with the now exposed inner faces 
5 48 of the sidewall spacers. The trench depth 82 is at least 1 „m so as to 
penetrate at leas, through the N + diffusion and a portion of ihe P layer 26 but 
,ess than original thickness of layer 26 so that a P + layer with thickness 84 
of about 1 ^remains a. the base of trench 80. As a result of mis step, the 
N + region is reduced to vertically oriented^Ntsoi^ym-S.e^vjng^.. 
, o lateral IhicknessJSJha. is approximately equal to the difference between the 
"T^s^^Tsidewall spacers (see FIG. 5) and about half of the 
thickness 66 of the gate oxide layer (see FIQ. 6). For a sidewall spacer 
thickness 52 of about 1 ^ and a gate oxide thickness of -500 A, the N + 
,ayer has a lateral .hickness of S1 e.g. -9750A. For a sidewall spacer 
16 thickness 52 of about 0.5 *m and a gate oxide thickness o. -500 A, JheN±_ 
layer has a lateral thickness of < 0.5 ^m, e.g. -4750A. 

The N + source layers 86 each sit atop a thin vertically-onented layer 90 

of P substrate material, which provides the active body region in wNcti , a 
vertical channel of the MOSFET device is formed when the gate is suitably 
20 biased. This channel exists on all sides of the gate structure. The depth 74 
of the N + implant (FIG. 10) and the depth of the P diffusion 26 determine the 
ultimate vertical MOSFET channel length of the device. A typical channel 
length of about 1-2 „m is produced using the dimension disclosed here.n, 
but can readily be altered as needed to define the MOSFET device switching 
25 characteristics. The overall vertical height 83 of the P layer must be 
sufficient to avoid punchthrough. suitably 1-2 at the P doo,ng 
concentrations provided herein. The lateral thickness of the P layer 90 
provides a very short lateral pinched P-base controlled by sidewall spacer 
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thickness. If the sidewalls of the trench are strictty vertical, the active body 
region 90 has a similar lateral thickness to that of the N + layer. -5000 A In 
practice, the body region 90 lateral thickness can vary slightly from thm that 
of the N + layer. The key point is that lateral thickness of both layers 86. 90 
5 can be controlled by controlling the lateral thickness of either the gate ox.de 
layer 60 or the sidewall spacers 44, or both. Another key point is. that by 
using this method the pinched base can be made much narrower than ,n 
conventional lateral channel VDMOS devices, which typically have a p.nched 

base width of 3-4 ^m. 
10 ■ Optionally albeit preferably, a second, shallow P-type implant and 

anneal can be performed a, this stage to provide an enhanced P + conduc t on 
region 93 (see FIG. 13) in the remaining P-type layer 26" at the base o the 
,3 trench 80, as described in commonly-assigned U.S. Pat. No. 4,895,810 (see 
» FIGS 13D and 14), incorporated herein by this reference. This can further 
15 improve source meta, contact to the P-body and reduce **««»- 
resistance in a totally self-aligned manner without materially affecting 
jg^h^pftg of the active channel region that remains in layer 90 after 
forming the gate oxide layer 60. 
, ? The remainder of the process generally follows prior art methods and 
20 so is only ^tf&g&t^G. 12 is a cross-sectional view showing 
frontside and backsWe metallization 94, 98. The frontside meta. 94 extends 
downward into the trenches 80 to form conductive source contacts or f.ngers 
96 which verticany short the source and body layers 86. 90 together as wel 
as contact the top surface of the remaining P-type layer 26" at the bottom of 
25 ,c the trench. The backside metal 98 forms the drain contact or cathode.^ , ^ 

completions.epsalsolncl Ui iep m ninggatecoj^ L„ u , t 

^7~w^l^e done^process without critical alignment, and passivatrng 

/■ the surface. 
F 2> 14 
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The foregoing method has several advantages over prior art methods. 
The N and P-type contact areas are created without a mask. The channel 
area is increased The pinched P-body width lateral width is reduced. The 
overall device has a higher packing density from savings of surface area due 
to formation of the source contacts on the trench sidewa.ls. The device has 
,ower resistance due to higher surface mobility resulting from the low stress 

process. , 

HQ 13 is a perspective and partially-sectioned view of a dev,ce 100 

made by the process ol FIGS. 1 -12 but using an N + wafer 22' to make a 
three-layer power MOSFET rather than a lour-layer device. Having already 
described the methodjfcabrlca.ion in de.ail, the resulting device is only 
described generally, using the same reference numeralswhereverapplicable. 
in this perspective view, the isolated source and P-body stmctun^are^ 
confined within discrete islands separated by an interconnecting eRss^ee 
pattern or matrix gate structure. Other array arrangements, such as 
arranging the source blocks in a hexagonal geometry, can be done as well. 
A cellular design with isolated source islands surrounded by a gate mesh ,n 
a trench can significantly reduce gate resistance, an important factor ,n very 
large area devices. The result is a castellated structure of rectangular device 
cells 102 each receiving a downward protruding finger 96 of source metal, 
and separated from one another by a contiguous matrix of recessed gate 
structure 60, 62, 68 as shown in FIG. 13. 

The device 100 has a silicon substrate 20 including a silicon wafer 22 
(P + as in FIGS. 1-12) or 22' (N + in FIG. 13) with, successively, an N-type 
epitaxial layer 24 forming a drain or drill region and a P-type layer 26" 
forming a body or base region. The P-type region includes castellated 
vertical P-type layers 90 in which the active channels are formed. Atop the 
vertical P-type layers 90 are vertically aligned vertical N-type layers 86 whrch 
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form ■» source regions of the MOSFET device. Atop the vertical N-type 
iayers 86 are vertically aligned spacers 44' which serve together with oxide 
plugs 68 in the final device to isolate the source metal 94 from the gate 
polysilicon 62. The gate polysilicon material 62 is isolated vertically from 
5 upper surface of substrate layer 24 by a horizontal portion 60A of gate oxide 
layer 60 extending beneath the gate polysilicon and laterally from .he 
vertically aligned vertical N-type and P-type layers 86, 90 by a vertical 
portion 60S of gate oxide layer 60. 

FIGS 14-20 show a second embodiment of the invention in wh.ch a 
10 recessed gate field effect power MOSFET device is fabricated with a gate 
structure , formed by a double polysilicon structure separated by oxide, wh.ch 
terminates depthwise in substratel 20 within an N + wafer layer 1 22. The 
e ol tNs S^SM^T^ the lowest possible on-resistance ,n 
a power MOSFET without losing voltage blocking capacity. This modification 
,o the process uses the same steps as shown in FIGS. 1-4 with an N + 
substrate 1 22 and the same features are identified with the same reference 
numerals. Except as stated below, the process details are like those 
described above in the first embodiment. 

FIG 14 is a cross-sectional view corresponding to FIG. 5 except that 
20 the sidewall spacers mhaveagreaLer Mckness ^^MteVOjM^ 
^7^rnlo7^eli^mbodiment,or are made of oxynitride or other s.hcon- 
" etch resistant material to tolerate longer etching, and the trenches 150A 
between the sidewall spacers are anlsotropically e.ched to a depth 166A 
(e.g., 5-6 urn for a 60V device) through the epitaxial layer 24 to the N + silicon 

25 wafer layer 122. 

VlG 1 5 corresponds to FIG. 6 and shows the formation of a thick ox.de 
,ayer 160A on the deep trench surfaces and a deep LPCVD polysilicon filler 
1 62A into the trenches 1 50A and over the trenching protective structures 30. 
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The oxide layer 160A in this example has a thickness 166A of 2000 to 
3000A. This first gate polysilicon layer 1 62A can but need not be doped^ 

FIQ 16 shows the further steps of etching the polysilicon layer 162A 
and thick oxide layer 160A downward to a level slightly below the P-body 
region 26, as indicated by arrow 156B. What remains is a shallower trench 
150B with a depth 156B comparable to depth 56 of trench 50 in FIG. 5. The 
polysilicon layer 162A is anisotropic^ etched to a level slightly below the 
final P-body junction depth, giving a trench 150B of depth 156B above the 
first polysilicon approximately equal to the polysilicon thickness In the tn- 
layer film 30 and the P-body thickness. The thick oxide is then etched off the 
sidewalls of the trench 150B wherever it is no. protected by the remain.ng 

polysilicon 162A. , 

Next as shown in FIG. 17, a thin gate oxide layer 160B .s thermally 
regrown on the reduced depth trench sidewalls and the upper surface of the 
deep polysilicon filler to a thickness 66 as in the first embodiment. Then, 
doped gate polysilicon 162B is deposited into the trenches 150B atop ox.de 
layer 160B and over trenching protective structures 30. 

FIG 1 8 is a cross-sectional view corresponding to FIG. 7 showing the 
further steps of etching the polysilicon to a level about the level of the** 
original substrate surface and depositing isolation oxide 68 into the trenches 
1 508 and over the trenching protective structures. These steps are followed 
by steps like those shown in FIGS. 8-10 above. 

FIGS 19 and 20 are cross-sectional views corresponding to FIGS. 1 1 
and 12 showing the further steps of forming the second trench and 
metallization in a device with the double polysilicon gate structure developed 
in FIGS l4-18.Trenches180are formed in the N + source regions between 
the sidewalls 144' and gate isolation oxide plugs 168 enclosing the gate 
polysilicon materia. 162B and gate oxide layers 160B. The N + region .s 
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reduced to vertically oriented N + source layers 86 having a lateral thickness 
88 atop vertical P-type layers 90 as described above at FIG. 11. 

The prior art problem of losing breakdown voltage range when the 
trench depth reaches the substrate is eliminated by the presence of the 
thicker first gate oxide 1QPA. The thicker gate oxide layer shifts the gate- 
drain voltage drop fromJ*£«to^ide. At the same time, the second thinner 
gate oxide preserves the enhancement mode MOSFET channel 
conductance. Conductance exceeding the first embodiment and prior art 
designs can bej^4r^ith minimal additional processing steps. 

FIG. 21 is a cross-sectional view corresponding to FIGS. 12 and 20 
showing a third embodiment of the method of fabrication of a device with a 
double polysilicon gate structure to provide protection against gate oxide 
rupture for high voltage devices while thin sidewall oxide preserves channel 
conductivity. In this example, the double polysilicon gate structure has a 
first thick oxide layer 260A and polysilicon layer 262A formed in a trench 
having a depth 256 (e.g.. 3 ^n) greater than depth 56 of trench 50 but 
shallower than the depth 156 of trench 150. The trench in this case 
terminates depthwise in substrate 20 within the N-type epitaxial layer 24 
above an N + buffer formed on a P + wafer layer 22 to operate as an IGBT or 
other gate controlled four-layer device. In this embodiment as well as the first 
embodiment, the narrowest lateral dimension of region 40 (FIG.3) that 
photolithography can control is used to minimize trench corner field and 

optimize breakdown voltage. 

FIGS. 22 and 23 are cross-sectional views corresponding roughly to 
FIGS. 16 and 17 showing fabrication of a recessed gate field effect power 
MOS device in accordance with a fourth embodiment of the invention. In this 
embodiment, as in the second and third, an initial thick (-2500A) layer 160A 
of thermal oxide is formed on the sidewalls and bottom wall of trench 150. 
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Then rather than using filled and etched-back polysilicon, photores.st138 .s 
pooled in the bottom of the trench 150 and, when hardened, is used to 
protect the initial thick oxide layer in the lower portion of the trench while the 
sidewall portions of layer 160A are etched away. Next, after using known 
solvents to strip the photoresist 138, gate oxide 160B is regrown on the 
trench sidewalls above oxide 160A to a suitable thickness (-500-1 OOOA) as 
previously described at FIG. 17. Then, doped polysilicon gate material 62 .s 
deposited as described above at FIG. 6, and the remainder of the device is 
completed by the steps shown in FIGS. 18-21. The approach shown ,n 
FIGS. 22 and 23 is simpler than the double polysilicon structure of FIGS. 
14-17, and accomplishes essentially the same result. 

FIG. 24 is a cross-sectional view corresponding to FIG. 3 showing an 
alternative form of the mask surrogate pattern definition layer 330. The 
protective layer 330 has, atop initial oxide layer 32, a polysilicon multi-layer 
structure preferably including two polysilicon layers with an intermediate etch- 
stop oxide layer. In this embodiment, the lower polysilicon layer 334 is 
thicker (e.g., 1 5000-1 6000A) than layer 34, the intermediate etch-stop oxide 
layer 336 is thinner (e.g.. 1000-2000A) than layer 36 and is covered by a 
polysilicon layer 338 of about 5000A. The top polysilicon layer 338 is a 
sacrificial layer to be removed when trench 50 is formed, using oxide layer 
336 as an etch stop. The top surface of lower polysilicon layer 334 indicates 
an endpoint for the etching the isolation oxide layer (FIGS. 7 and 8) to 
produce plugs 68. The thickness of polysilicon layer 334 determines the 
height down to which plug 68 is etched. Layer 334 is removed using oxide 
layer 32 for etching end point detection, and then layer 32 is removed pr.or 
to N+ implantation and the second trenching step. 

Having described and illustrated the principles of the invention in a 
preferred embodiment thereof, it should be apparent that the invention can 
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be modified in arrangement and detail without departing from such principles. 
For example, it is not necessary to form the second trench and vertical 
channel structures throughout the device v Apportion of the device upper_ 
surface could be masked off at appropriate steps (e.g., at FIG. 1 and after 

5 TiGT^ranTThis'portion can be used in the manner described in the 
commonly-aSgnld patents to form a doyi)ie : .diffused lateral MQS device 
'oTpart of the same die as the above-described recessed gate vertical 
"channel device. This variation would be useful in making MOS controlled 
7hyristors (MCT). We claim all modifications and variations coming within 

1 0 the spirit and scope of the following claims. 
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